Objective: To investigate nutritional status and its relationship to cognition, well-being, functional ability and energy intake in frail elderly service flat residents. Design: Cross-sectional and prospective study. Setting: Two municipal service flat complexes. Subjects: A total of 80 residents (median age 85.5 (79-90) y) with regular home care assistance participated. A subgroup of 35 residents took part in a re-examination 1 y later. Methods: Mini Nutritional Assessment (MNA), Short Portable Mental Status Questionnaire, Barthel Index and Health Index were used for the evaluation of nutritional, cognitive and ADL function and well-being, respectively. Results: In all, 30% of the frail and chronically ill service flat residents were assessed as malnourished and 59% were at risk of malnutrition. The malnourished residents had worse cognitive conditions (Po0.001) and well-being (Po0.05), lower functional ability (Po0.01) and they had a greater need for daily assistance (Po0.05) than the other residents. The median night fast period was 14.0 (12.5-15.0) h. Five subjects classified as malnourished at baseline had lost a median of À9.6 kg (range À11.0 to þ 7.3 kg) (Po0.05) in body weight at the 1-y follow-up, which contrasted significantly from the weight stability in residents classified as at risk for malnutrition or well-nourished. Conclusion: Out of 10 residents, nine were assessed to have impending nutritional problems that related to impaired wellbeing, cognition, and functional ability. Malnourished residents had a significant weight loss over one year. Studies are needed to determine whether weight loss and nutrition-related dysfunction in service flat residents are preventable or treatable.
Introduction
In most affluent societies, the segment of the population older than 70 y of age is growing. Frailty leads to an increased need for assistance. To assure support for the frail elderly, Swedish municipalities offer various forms of assisted housing. Service flat living is one such example where the elderly person lives in his/her own needs-adapted flat, but may receive assistance in daily activities, for example, showering and getting dressed, from care personnel. The residents usually have access to a restaurant within the service flat complex as well as to 'meals-on-wheels' service.
Economic restraints have instituted changes in the care of elderly individuals. One consequence of the recent reduction of hospital beds and shorter hospital stays in Sweden, as well as in other countries, is that many elderly, formerly treated in hospitals, for example, long-term geriatric care, are now living in various forms of assisted housing. Accordingly, the care burden on community accommodations has markedly increased. Little information is available on how the increased burden of disease affects the need for medical and nursing care and nutritional support among elderly in assisted housing, for example, service flat residents. Since malnutrition is a common consequence of chronic disease and old age, many elderly people living in service flats are at nutritional risk (Karlsson et al, 1999; Saletti et al, 2000) . Malnutrition is associated with increased infection rates (Chandra, 1993) , poor wound healing, and pressure sores (Ek et al, 1991) . Undernutrition also increases the risk of deterioration in physical condition (Covinsky et al, 1999; Potter et al, 2001 ) and thus of hospitalisation and mortality (Larsson et al, 1990; Cederholm et al, 1995; Flodin et al, 2000; Sacks et al, 2000) .
The objective of this study was to investigate nutritional status and its relationship to cognitive function, well-being, functional ability and energy intake, in frail elderly service flat residents with a regular need for care and assistance. A second objective was to study changes over a 1-y period in a subgroup of these elderly residents.
Material and methods

Subjects
The subjects who participated in the study lived in two complexes of service flats in the southern greater Stockholm area. In this study, only those needing regular assistance from the service flat buildings' care personnel were included. Out of a total of 198 residents, 130 had regular assistance. Of these 130 subjects, 43 (33%) subjects were unwilling to participate, four (3%) subjects were too ill to participate and three (2%) were admitted for hospital care at the time of the study. Thus, the participation rate was 61% and in total 58 women (73%) and 22 men (27%) participated in the study. The median age of the participants was 85.5 (range 68-96) y.
The care level was graded from 1 to 7. Care level 1-2 corresponded to assistance once or twice per week, care level 3 to assistance more than twice per week or, care level 4-5 to assistance every day at day time or at afternoon, care level 6 to assistance every day at day time and sometimes at night and care level 7 to assistance regularly during 24 h per day. The assistance received corresponded to a median care level of 5 (3-5, 25-75th percentile). All participants were essentially homebound.
There were no significant differences regarding age, gender or level of care between the participants (n ¼ 80) and those who declined to participate (n ¼ 43) (data not shown). The participants suffered from sequele after stroke (16%), chronic heart failure (11%), joint disorders (11%), chronic ischaemic heart disorder (10%), dementia (9%) and diabetes mellitus (8%). In total, 10% had multiple disorders and 14% had other diagnoses. Nine subjects (11%) had no defined disorder and were classified as frail.
Study design
All participants underwent a series of examinations to determine nutritional status, well-being, cognitive function, activities of daily living and energy intake (see below). The examinations were performed in the residents' flats by two of the authors (AÖ O and AK).
A subgroup of 35 residents 86 (80-91) y (83% women) took part in a re-examination in which the development of their nutritional status, well-being and cognitive function during the course of 1 y was studied (see below). The selection of the residents was based on willingness and capacity to participate twice with 1-y interval.
Nutritional status
Nutritional status was assessed by the Mini Nutritional Assessment (MNA) (Guigoz et al, 1996) compiled of 18 questions regarding anthropometry, for example, body mass index, BMI (kg/m 2 ), global assessment, for example, living independently, occurrence of acute disease or psychological stress and mobility, dietary questions, for example, number of whole meals eaten per day and a subjective assessment, that is, self-perception of nutritional and health status. The maximum score is 30. Less than 17 points is regarded as an indicator of malnutrition, 17-23.5 points indicate a risk for malnutrition, and Z24 points indicate that the person is well-nourished.
The residents were weighed with light indoor clothing without shoes on an electronic portable scale (Seca 882, Ergon Nordic AB, Sweden) or on a digital electronic wheelchair (Tamita BWB 660, Umedica AB, Sweden ). Height was measured with the resident standing up or in a stretched position lying in the bed if the resident was bed-ridden or bound to a wheel chair.
Energy intake
Two methods were used for the food registration. The first was a 24-h recall made at a first visit (Gibson, 1990) . The residents were asked to recall the type and amount of all food and fluid consumed at each eating occasion during the previous day and night. The 24-h recall was used as a checklist for a 1-day estimated dietary record, which was made during a second visit. The examiners (AÖ O, AK) registered the food and fluid intake at all eating occasions in one day. For those residents who stayed up late in the evening a telephone call was made to inquire about any additional intake. Moreover, energy intake was estimated from 4-day dietary records in 21 individuals. The coefficient of variation (CV) from day to day was calculated from the 4-day dietary recording. Energy and nutrient intake was calculated from the dietary records using a computer programme, 'Dietist' (Kost-och näringsdata, Stockholm, Sweden).
Energy requirement
The energy requirement was calculated using predicted basal metabolic rate (BMR) according to the equation for men 475 y: 0.035 Â body. weight þ 3.43 and for women: 475 y 0.0410 Â body weight þ 2.61 recommended by WHO (FAO/ WHO/UNU, 1985) . In order to calculate the energy requirement the estimated BMR was multiplied by the estimated physical activity level (PAL). A PAL factor of 1.2 was used for subjects bedridden or transported by wheel chair. For subjects who were able to walk, a PAL factor of 1.5 was used (Nordic Council of Ministers, 1996) .
The ratio between the energy intake (EI) estimated from the 1-day dietary records and the predicted BMR was calculated (Hambraeus, 1998) . The EI/BMR ratio was used to evaluate the reliability of the dietary record. Under weight stable conditions the calculated EI/BMR ratio should correspond to the estimated PAL factor.
Cognitive function
Cognitive deficit was assessed by the short portable mental status questionnaire (SPMSQ) (Pfeiffer, 1975) . It consists of 10 questions; current date, day of the week, where the person is situated, home address, age, year of birth, name of the prime minister, name of the past prime minister, name of the residents mother and the task of subtracting 3 from 20 and so on. The maximum score is 10. A score of 0-2 indicates severe intellectual impairment, whereas 3-5 and 6-7 show that the examined subject has a moderate or a mild intellectual impairment, respectively. A score of 8-10 indicates intact functioning.
Well-being
General well-being was assessed by the Health Index (HI) (Nordström et al, 1992 , Forsberg & Björvell, 1993 . The HI refers to how people feel when they are experiencing different forms of ill-health. The HI has been tested with regard to reliability and validity. The HI consists of nine questions concerning energy, temper, fatigue, loneliness, sleep, vertigo, bowel function, pain and mobility. Each question has four response categories; very poor, rather poor, rather good and very good. The questions are summarised to an index from 9 to 36 points. The higher the score, the better the perceived general health. Only residents with a fairly good cognitive function, that is, a score of six or more on the SPMSQ questionnaire, were asked to rate their perceived well-being.
Functional ability
Activities of daily living (ADL) were evaluated by the Barthel's Index (BI) (Mahoney & Barthel, 1965; Colin et al, 1988) . The BI is based on observed functions and the instrument was developed to measure functional ability before and after treatment, and to indicate the amount of nursing care required (Bowling, 1997) . The BI scoring system involves a weighted scale, ranging from 0 to 100 points in 5-point increments. The questionnaire measures performance in basic self-care in seven areas: feeding, bathing, personal toilet, dressing, bowel/bladder control, getting on/off the toilet and locomotion (moving between a bed and a chair, ambulation and stair climbing). A score of 100 indicates that the patient is independent in physical function and the lowest score, 0, represents a totally dependent bedridden state.
Statistics and ethics
Nonparametric descriptive statistics and tests were used. Data are presented as medians and 25th and 75th percentiles (P 25 -P 75 ). Differences between MNA groups were tested by the Kruskal-Wallis test. Mann-Whitney U-test was used for post hoc tests. Spearman rank order correlation was used for correlation analyses. Wilcoxon's signed rank test was used to evaluate changes over time in the 1-y follow-up.
Oral and written information was given to all participants or their next of kin and informed consent was obtained. The study was reviewed and approved by the local ethics committee at the Huddinge University Hospital.
Results
Nutritional status and energy intake At baseline, 30% of the residents were assessed to be malnourished, 59% were at risk of malnutrition and 11% were considered well-nourished according to the MNA (Table 1 ). The median MNA score for the entire study group was 19.5 (15.5-22.5).
The median BMI for all residents was 23.6 (20.3-27.2) kg/m 2 . In total, 20% of the residents had a BMI value o20 kg/m 2 , 55% had a BMI r24 kg/m 2 and in 16% of the residents BMI was 430 kg/m 2 . Table 1 displays nutritional data in relationship to MNA classification. As expected, the subjects who were scored as malnourished had a significantly lower BMI value and body weight compared to the subjects at risk of malnutrition and the well-nourished subjects. This was also the case when the groups were divided by gender (Table 1) . There were no differences between women and men according to MNA and BMI.
The median estimated energy intake for all residents was 1546 (1243-1798) kcal/day and the estimated energy requirement was 1792 (1626-2035) kcal/day. The energy intake was below the estimated energy requirements in subjects classified as malnourished or subjects at risk for malnutrition, whereas the well-nourished group appeared to be able to fulfil their energy requirements (Table 1) . Only 24 (30%) of the 80 residents reached their estimated energy requirement. For all residents, the median EI/BMR ratio was 1.2 and the median estimated PAL factor was 1.5. The EI/BMR ratio varied between 0.5 and 2.3. One-fourth (n ¼ 19) displayed EI/ BMR ratios o1. BMI in this group of possible under-reporters ranged from 18.3 to 38.0 (median 25.8 kg/m 2 ). The calculated coefficient of variation (CV) for energy intake in 21 individuals with 4-day records was 17%. The median night Nutritional status in frail elderly service flat residents A Ödlund Olin et al Cognitive function, well-being, activities of daily living and care level Table 2 shows cognitive function (SPMSQ), well-being (HI), activities of daily living (BI) and care level in relation to the nutritional status. The median SPMSQ score for all subjects was 8.0 (7.0-9.0). In total, 70% of the residents had a score Z8 indicating that cognitive function was intact. The malnourished residents had a significantly worse cognitive condition than the other residents ( Table 2 ). The median HI score was 24.0 (22.0-29.0) (range 17-31). HI was significantly lower in the malnourished subjects as compared to the other subjects. Two-thirds of the residents rated very poor/rather poor on energy and corresponding figures for fatigue were 46%. The malnourished subjects had a greater need for daily assistance and care (Table 2) .
Median Barthel score for the whole group was 75.0 (55.0-85.0) and ranged from 30 to 100, indicating that the residents were not severely disabled. Three residents had a score of 100 indicating they were independent in their ADLfunctions. The BI was significantly lower in the malnourished group as compared to the other two groups (Table 2) .
Men had a better cognitive function than women, that is, SPMSQ 9.0 (8.0-10.0) and 8.0 (7.0-9.0), respectively (Po0.05) as well as lower care level; 3.5 (2.0-5.0) compared to 5.0 (4.0-5.0) (Po0.05). Otherwise, there were no differences between genders in the functional variables (data not shown). The level of care correlated inversely to MNA, r ¼ À0.53 (Po0.001), SPMSQ, r ¼ À0.26 (Po0.02) and BI, r ¼ À0.61 (Po0.001).
One-year follow-up A total of 35 residents were re-examined after 1 y. Age, gender, nutritional status and care level did not differ between re-examined and nonre-examined residents (data not shown). Although median body weight did not change in the whole group, that is, 61.6 (54.6-72.0) vs 61.2 (51.8-75.0) kg (ns) at the two time-points, there were large variations in weight change ranging from À11.0 kg (23.4% of b.wt) to 7.3 kg (14.5% of b.wt) among the residents.
The five subjects who were classified as malnourished at baseline declined from a median of 47.0 (45.5-61.6) kg to 36.0 (35.1-60.9) kg (Po0.05) during the observation period, while those at risk for malnutrition and the well-nourished subjects were weight stable, that is, þ 0.6 (À1.9 to À3.2) kg and þ 0.7 (À3.8 to þ 3.8) kg, respectively. In 11 subjects with EI/BMR ratios o1 available data showed that six subjects lost in median 4.9 (À7.8 to À0.2) kg and five subjects gained in median 1.7 (1.1-6.1) kg in weight over the year of observation. Otherwise, there were no significant differences in nutritional status (MNA), well-being (HI) or cognitive function (SPMSQ) at the 1-y examination either within or between the groups with various nutritional status (Table 3) .
Discussion
The study found that one-third of frail service flat residents were malnourished according to MNA. One of 10 residents was assessed as well-nourished. The malnourished residents had a significantly worse cognitive condition and well-being, lower functional ability and they had a greater need for daily assistance and care than the other residents. The median night fast period was 14 h. Subjects classified as malnourished at baseline had a marked weight loss during the observation year.
The subjects in this study were elderly and suffered from a variety of chronic diseases that are often associated with malnutrition. We report a higher prevalence of malnutrition or risk for malnutrition in service flat residents as compared to a recent Swedish study (Saletti et al, 2000) . One possible explanation for this is that our study only included subjects with regular assistance from community care personnel, whereas the study by Saletti also included subjects without regular assistance. Disease, increased age, social isolation and low socioeconomic status may contribute to nutritional b Post-hoc test using Mann-Whitney U-test showed that the malnourished differed significantly (Po0.05) from the well-nourished and those at risk, whereas the two latter groups did not differ. For HI, the malnourished subjects only varied from the well-nourished group.
Nutritional status in frail elderly service flat residents A Ödlund Olin et al deficiencies in elderly people (McCormack, 1997) . Insufficient nutritional routines may also add to the high prevalence of malnutrition or risk of malnutrition among the elderly partly dependent on assistance. The objective of the study was to investigate nutritional status and its relationship to cognition, well-being, functional ability and energy intake in frail elderly service flat residents. The malnourished residents had worse cognitive functions. Whether malnutrition in demented patients may be due to reduced food intake, increased energy expenditure or to metabolic changes due to the disease is uncertain (Grundman et al, 1996; Poehlman & Dvorak, 2000; Greenwood, 2003) and it is still unclear whether cognitive function can be improved by nutritional support. The functional ability was significantly lower in the malnourished group as compared to that of the other groups. Our data support previous observations of reduced functional ability and greater need for nursing care among elderly malnourished subjects (Landi et al, 1999; Romagnoni et al, 1999) . Insufficient nutritional intake leads to increased muscle fatiguability and impaired muscle function (BourdelMarchasson et al, 2001; Bonnefoy et al, 2003) and there are reports indicating that nutritional treatment in frail elderly will improve functional ability (Unosson et al, 1992; Potter et al, 2001) .
The malnourished residents rated their well-being lower in comparison with the other groups. Of the nine conditions in HI, the subject's perceived energy was the condition that was most often reported as 'very poor' or 'rather poor'. This is in agreement with findings reported by Christensson et al (2003) , who found that energy was the most powerful dimension in the Nottingham Health Profile to predict elderly people at risk of malnutrition. Social interaction is a central factor for a high quality of life. Preparing and eating food is for most people a social event and social isolation may play an important role in decreased food intake. Improved social interaction at mealtimes has been shown to enhance food intake for the elderly (de Castro et al, 1990) .
The participation rate in this study was high compared to other studies with similar study populations. Response rates in dietary studies are often low and participation rates decrease with increasing age ( Van't Hof et al, 1991; Wright et al, 1995) . A total of 33% of the eligible subjects were unwilling to participate in the present study, but there were no differences in age, gender or care level in the nonparticipating subjects compared to the participants, which suggests that the study-group was representative of the entire group of care-needing residents. A number of the residents who declined participation declared that no one had earlier shown an interest in the elderly and frail and they expressed no wish to tell others about their situation. This is in agreement with Sidenvall et al (2002) who reported that the four most common reasons for declining participation in a food survey among elderly women were lack of time, tiredness, unwillingness to participate in scientific studies and increased age and therefore had no contribution to make.
The MNA instrument was used for the nutritional assessment. MNA has been developed especially for the elderly (Guigoz et al, 1997) , and it was recently reported that MNA classification of geriatric patients was related to anthropometric, body composition and functional measurements (Persson et al, 2002) . In a comparison between MNA and SGA, MNA was suggested to be most useful in identifying subjects who need preventive nutritional measures, whereas SGA appeared to be better at detecting residents with established malnutrition (Christensson et al, 2002) .
In total, 20% of the study group had a BMI value lower than 20 kg/m 2 , that is, a value that is often regarded as an indication of underweight. Healthy elderly individuals in Sweden have an average BMI of 26-27 kg/m 2 (Björkelund et al, 1997 , Dey et al, 1999 . A BMI value between 24 and 27 kg/m 2 has been found to be associated with low mortality in free-living elderly persons (Volkert et al, 1992) . It has been argued that the BMI for elderly chronically ill populations should range between 24 and 29 kg/m 2 (Beck & Ovesen, 1998) . The use of BMI o24 kg/m 2 as a cutoff value in the present study would have resulted in an underweight prevalence of 55%. There are several methods to measure dietary intake of energy. These include a diet or food record, diet recall (24-h), diet history and food frequency questionnaire. All these methods have limitations. To optimise participation rate in a food survey of elderly, the method chosen has to be quick and uncomplicated. For this reason, an estimated dietary record combined with a 24-h recall was used in this study. One limitation of short-term dietary recording is the large day-to-day variation of dietary intake (Bingham, 1987) . In this study, the coefficient of variation (CV) for the energy intake in 21 subjects with a 4-day record was 17% with no Nutritional status in frail elderly service flat residents A Ödlund Olin et al major differences in the CV comparing malnourished with those at risk and the well-nourished individuals. This was less than the 25% variation for 5 days 24-h recalls reported by Oh and Hong (1999) , among 83 older Korean people. Elderly people have been reported to have more stable food choices than younger subjects (Nes et al, 1991) . Nevertheless, the data in the present study have to be interpreted cautiously due to the short registration period. For all residents, the EI/BMR ratio was 1.2 and the PAL factor was 1.5. The EI/BMR ratio in the residents of this study is similar to the EI/BMR ratio previously found in elderly nursing home residents (Ö dlund Olin et al, 2003) . Of the service flat residents, 20% had EI/BMR ratios below 1.0, which indicates that the food intake in these cases may have been underestimated. However, half of the subjects with EI/BMR ratios o1 lost weight in the subsequent year. In this subgroup of subjects, the low-recorded food intake may have been correct. Under-reporting is more common among overweight subjects (Goldberg & Black, 1998) . Our data appear to support this assumption, which is also in line with other studies on dietary intake in elderly people living in their own homes (Tomoyasu et al, 1999 , Lührmann et al, 2001 . Although less than half of the residents took part in the 1-y follow-up, interesting observations were made in this subgroup. In the 35 subjects that were examined two times the median change over 1 y in most variables was small, but there were large variations among the residents. Subjects classified as malnourished at baseline showed a pronounced weight loss at the follow-up. Such a weight loss in already malnourished subjects indicates an ominous development. Concurrently, there was numerical, but not statistically significant, deteriorations in MNA and HI in the malnourished subjects. It is possible that if the study sample had been larger these variations might have become statistically significant.
There were no indications that the regular care organisation observed or gave any attention to the weight development of their care-takers. Even with guidelines available, studies in hospitals have shown that nutritional care may still be poor (Kondrup et al, 2002) . This suggests that other factors such as prioritising nutritional care within the caregiving organisation is likely to be of importance.
We may conclude that nine out of 10 frail and chronically ill service flat residents were assessed to have impending nutritional problems. The malnourished residents had a significantly worse cognitive condition and well-being, lower functional ability and they had a greater need for daily assistance and care than the other residents. Subjects classified as malnourished at baseline had a marked weight loss during the subsequent year. This indicates that the caregiving organisation in community assisted housing is not able to provide sufficient care to prevent nutritional deterioration and improve nutritional status in individuals with severe nutritional problems. The findings emphasise the need for routines in community care and the duty for nurses and other care personnel to identify residents in assisted housing who are at nutritional risk and to organise appropriate nutritional support based on individual nutritional requirements. Studies are needed to determine whether weight loss in malnourished service flat residents can be prevented.
